g
~

- VALUATION OF 358F CURING ADHESIVE SYSTENS ON )
his1 241 BN (ACID ANODIZED AL (1> DAVTON URLV oW

SKINS ET AL. AUG 86 UDR-TR-83-120
~84-C-5130 F/G 1171

I O P




r‘ B w
g 14

¥

EEEE
N
o

L ]

- |
.

L

Il
.

Y

L

1N TEST CNART

R ~ - . -y . ‘. “-w . 4 . e, 4 L ,._-' P
o ..v_ W .1.. RN 0 y'. ’t";. Y ‘\A n-\v ‘\‘ 'S n o'l °
:" ‘l's h""‘ iy ’)““‘ X ‘." .'::"l’ |'\ll.t :‘“'\ N 'Q‘. “‘ .. “k.;a:' .\ \:’ . v " “ "l
g § Q

'o '
1, » N ) ‘t ‘\0 ,I.‘

u"n.,"‘t"' \‘i .".*‘u nny M AL RS “'
W ,. b s A Oy IO RS
‘\ wha .‘ Hl'ﬂ c"‘d u‘ |“ ' ?.“!." '.. "".‘.'




Uik rick. CORY

¥~ AFWAL-~TR- 86-4039

EVALUATION OF 350°F CURING
ADHESIVE SYSTEMS ON PHOSPHORIC
ACID ANODIZED ALUMINUM SUBSTRATES

AD-A181 24

D. Robert Askins
Donald R. Byrge

University of Dayton
Research Institute

300 College Park Avenue
Dayton, OH 45469

AUGUST 1986

Interim Technical Report - September 1982-June 1984

Approved for public release; distribution unlimited

TIC

ELECTE

MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES JUN 1 5 1887
AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-6533




A

LA
KN

NOTICE

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may have formulated,
furnished, or in any way supplied the said drawings, specifica- .
tions, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to ‘
manufacture, use, or sell any patented invention that may in
any way be related thereto.

This report has been reviewed by the Office of Public
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SECTION 1

BACKGROUND AND INTRODUCTION

During the late seventies, a major research program
entitled "Primary Adhesive Bonded Structure Technology"
(PABST) was carried out by the Douglas Aircraft Company under
USAF funding. The thrust of this program was to advance the
state-of-the~art of adhesive bonding technology to a point
where it could be confidently used in bonding primary aircraft
structure without the use of mechanical fastening. A substan-
tial portion of this work was concerned with establishing the
compatibility of the phosphoric acid anodizing (PAA) surface
preparation and 122°C (250°F) curing adhesives.

Test specimens for evaluating the compatibility of 177°C
(350°F) curing adhesives with PAA were fabricated by Douglas
Aircraft but not tested because contractual funds were exhausted.
These specimens were turned over to the Air Force Materials
Laboratory (AFML) who sent them to the University of Dayton
Research Institute (UDRI) for testing.

Three types of mechanical tests were performed (lap shear,
peel, and stress-rupture) at various temperatures and after
various exposure conditions. No judgement of either the
acceptability or unacceptability of any adhesive, primer, or
surface preparation is made. General observations are made
regarding the performance of the various adhesive/primer
systems.




SECTION 2

MATERIALS AND TEST PROCEDURES

A total of nine different adhesives and ten different
primers were used to prepare the specimens. Each adhesive was
paired with one of the primers so that a total of ten adhesive/
primer systems were in the program. Table 1 lists these
adhesives and primers along with the respective suppliers.

TABLE 1

ADHESIVE/PRIMER SYSTEMS

Adhesive Primer Supplier

RB 398 RB 500 Reliable (Ciba Geigy)
MB 329 MB 6725-1 Narmco

FM 400 BR 400 American Cyanamid
EA 9649 EA 9205 Hysol

AF 130 EC 3917 3M

AF 31 EC 2174 3M

PL 729-3 PL 728 B.F. Goodrich

HT 424 HT 424F American Cyanamid
FM 61 BR 227 American Cyanamid
FM 61 BR 227A American Cyanamid

All of the specimens tested in this investigation consisted
of bare aluminum alloy (2024-T81 and 7075-T76) adherends whose
surfaces were prepared for bonding with either the PAA or the
Optimized Forest Product Laboratory (OFPL) surface treatments.
These two surface treatments were in accordance with Boeing
Aircraft Company specifications BAC 5555 (for the PAA) and
BAC 5514 (for the OFPL).

All of the panels from which specimens were cut were
nondestructively insp2acted by an ultrasonic "C-scan" technique.
Most of the panels exhibited high-quality void-free bond areas
although a few exhibited bond area defects varying from minor
to major. All of the c-scan printouts for the panels used in
this program are presented in Appendices A through C.
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2.1 LAP SHEAR TESTS

Lap shear specimens of the "blister detection" type were
fabricated and tested to the requirements of ASTM D3165. This
corresponds closely to Federal Specification MMM-A-132A.

Figure 1 illustrates the type of panel which was received and
from which lap shear specimens were machined. For some alloy/
surface preparation/adhesive combinations the standard type lap
shear panels were not available. Extra specimens of the type
used for stress-durability testing were available however, and
these specimens were used for generating lap shear data for
those alloy/surface preparation/adhesive combinations for which
the standard lap shear specimens illustrated in Figure 1 were
not available. The stress-durability type specimen, also
referred to as a RAAB type specimen, has four test joints and
is illustrated in Figure 2. When these specimens were used for
lap shear data, only one of the four joints was broken.

Traditionally, bonded joint failures have been reported
as adhesive, cohesive, or some combination of the two. However,
it was felt that this method of reporting failure modes was
inadequate. Accordingly, a different format for reporting
failure mode was utilized during this investigation. This

format is illustrated and explained in Figure 3.

The interpretation of bonded joint failure modes is very
subjective. It is difficult, with the naked eye, to ascertain
the exact failure mode unless it is totally cohesive (within the
adhesive layer). While interfacial failure modes may appear
obvious, one cannot be sure, short of resorting to expensive
surface instrumental analysis, that a very thin layer of primer
or adhesive has not remained adhered to an otherwise clean
appearing surface. Since the primer layer is so thin, the only
evidence of its presence, to the eye, is generally color. 1In
this investigation, the only discriminations made regarding
failure mode were those detectable by eye. Thus, it is to be
recognized that regardless of the different presentation format,
the failure modes reported in this document are still subjective.




AOWCOOOCUO N

‘usurgoads 3sel pue [aued xeays del T aanbrd

.‘ DA AN I RN et

SNO
¥IAV1 JAISIHAY HONOYHL SIHONI NI SNOISNIWIG
ION 1N8 OL NMOQ S101S :3LON - 000 0T -

€90°0 —| |- 000°' T — |=—»

Py

000°L 00570

onmmen fpp s en e ow cs guen e ap e av an o an en o e an] en wr an e w0 -
ap an]enen on o e oo ar on fs oo an e ar o o an o e e o o e o

LI
Ll

-
]

L TAN0)

DISCARD
DISCARD

- a
2
<
4
-
2
L
A
-
.
s
E 3
"~
b A
L
..
-
>
o
L
o
rs
]
p2
‘.
g
.
N
2
-»
>
=
-
<
-
2
-,
-
2
‘.
-
e
.n
-
-
~ 43
*
-
-
.ﬁ
..
’,
4
Ly} -
-
g A&
’.
gl \
o
&d
-
"
="
e
-
a9
e,
-
v‘;
.
z
k3
N
%
Nl
-
X




| :
W \__ ACH ADHEREND TYPICALLY
| 16 116 THICK
316 dia.
ya —{|+1/8 (EACH SLOT DOWN TO, BUT NOT THROUGH, ADHESIVE LAYER)
V| i : §
(1)
bl i i
Al 1
iR |-
T"%' l——uz-
91R
(a) SPECIMEN
1 H K i
H “ “ ” DISCARD
Ll
K H i h
h ! 1! ||
I I | ! :
T N 1 T H
5 1 K i X M 2
i 1 l ]
- il Iy Ly L
} 5 i |
” :' :I I 3
1} 1 1 i
Hy H i n
1 i " 1l biscaro
[ il 1l 11

DIMENSIONS IN INCHES
() PANEL

Figqure 2, Stress-Durability Panel and Test Specimen (RAAB Style).
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For Bonds Made with a Primer on the Substrate Surface

M/P-P-P/A-A-V

t———failure in a void area within the adhesive
layer (%)

cohesive failure within the adhesive layer (%)

adhesive (interfacial) failure between the .
adhesive and the primer (%)

cohesive failure within the primer layer (%)

adhesive (interfacial) failure between the
primer and the substrate oxide (%)

Example: 5-0-30-65-0 indicates that, according to the observer's
estimate, the failed joint exhibits the following
failure mode.

The primer pulled cleanly off the metallic oxide
on 5% of the bond area.

At no point along the bondline did the failure
locus run cohesively within the primer layer.

The adhesive debonded cleanly from the primer on
30% of the bond area.

The failure locus ran cohesively within the
adhesive layer on 65% of the bond area.

No part of the failure locus ran through a
void area.

Figure 3. Explanation of Failure Mode Notation.
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Lap shear tests were conducted at -54°C (-65°F), 22°C
(72°F), and 177°C (350°F) on dry unaged specimens. Each speci-
men was held at the test temperature for ten minutes prior to
loading to insure thermal equilibrium. Generally, three repli-
cate tests were conducted for each material and test condition.

2.2 PEEL TESTS

Metal-to-metal peel specimens were prepared in accordance
with the requirements of ASTM method D3167 except that the
specimens were one inch wide rather than one-half inch.

Figure 4 illustraﬁ@s the specimen and test fixture. All peel
tests were carried out at -54°C (-65°F) after a ten minute soak
at the test temperature to insure thermal equilibrium. Three
replicate tests were carried out for each adhesive/alloy/

surface preparation combination available for testing.

2.3 STRESS-DURABILITY TESTS

Stress-durability specimens (RAAB type) were machined from
full-area bonded panels measuring 4-inches wide by 9 1/2-inches
long. Three samples, corresponding to the design illustrated
in Figure 2, were machined from each panel.

Stress-durability tests were conducted in accordance with
ASTM method D2919 and consisted of mounting the specimen in
the fixture illustrated in Figure 5 , imposing a predetermined
shear stress (50% of the room temperature lap shear strength
for each adhesive specimen) upon the specimen, and placing the
specimen-fixture assembly in an elevated temperature, high
humidity or salt spray environment until the specimen failed
or the exposure period reached a preselected limit (2400 hours
inthis case). In the event that the exposure period reached
the 2400 hour limit without specimen failure, the fixture was
removed from the environmental cabinet, the specimen unloaded
and removed from the fixture, and tested for residual strength.

Since the specimens used for these tests contained four test
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Figure 4. Floating Roller ("Bell") Peel Specimen and Fixture
(from ASTM D 3167).
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joints (Figure 2), up to four time-to-failure data points could
be obtained for each specimen. In the event that one of the
four test joints failed during aging, the fixture was removed
from the environmental cabinet, the specimen removed from the
fixture, a hole drilled through the center of the failed lap
joint, the failed joint bolted together, the specimen remounted
and reloaded in the test fixture, and the assembly returned to
the environmental cabinet. Each time a test joint failed, this
procedure was repeated with the recorded time-to-failure for
each joint being the cumulative time in the aging environment
while under load. Residual strength testing was conducted at
room temperature and involved breaking of only one of the sur-
viving test joints. Thus, all residual strength values listed
in the following tables represent only one value.

Stress-durability testing was carried out in two different
environments;

(a) a hot-humid environment of 140°F (60°C) and
95-100 percent relative humidity (RH), and

(b) a salt-fog environment of 95°F (35°C) with
a 5% salt spray solution.

10
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SECTION 3

DISCUSSION OF RESULTS

All of the data generated during this test program are
summarized and presented in this section in both tabular and
graphical form. Observations derived from inspection of these
data are also presented.

3.1 LAP SHEAR RESULTS

Tables 2-5 present the results of the lap shear tests
and Figures 6-11 illustrate these data graphically.

Inspection of the data listed in these tables and presented
in these figures leads to the following observations.

® Most of the failures in the lap shear tests
occurred within the primer layer or along the
primer/adhesive interface. As mentioned before,
this was judged by visual inspection and was
based on whether the primer could be visually
observed (via color) on both or only one surface
of the failed joint.

® Most of the failures judged to be within the
adhesive layer (the traditional "cohesive"
failure) occurred in the 177°C (350°F) tests.

® Three of the adhesive systems (HT-424/HT-424F,
FM-61/BR227, and FM-61/BR227A) exhibited W
177°C (350°F) strength levels significantly
lower than the other seven adhesive systems
tested.

® The HT-424/HT-424F system exhibited significantly

lower room temperature strength levels than
the other nine systems on the OFPL prepared
surfaces. The failure mode for this adhesive

. however, was within the adhesive layer on both
these low strength OFPL specimens and on the
PAA specimens, which yielded reasonably high

. strength. The panels from which the HT-424/
HT-424F specimens were obtained exhibited
poor quality in the NDI c-scans for both the
OFPL and PAA panels. Consequently, no
plausible explanation is evident to explain
the low OFPL results as opposed to the PAA
results.
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2024~-T81 BARE ALUMINUM ADHERENDS
PHOSPHORIC ACID ANODIZED SURFACE PREPARATION

TABLE 2

LAP SHEAR TEST RESULTS

Adhesive Test Temp.| Ult. Stregg;hl Std. Dev. Failure Mode (%)
System (°F)| (°C)| (psi) |(MPa) (psi) |(MPa)} M/P|{ P |[P/A| A |V
RB 398/RB 500 72| 22| 2490 {17.2 230 | 1.6 0 73| 20 71 o

350 | 177 | 1420 9.8 110 | 0.8 0 of| 90 o} 10

-65 | -54 | 2260 | 15.6 30 | 0.2 0 73| 20 71 o

MB 329/ 72| 22| 2310 |15.9 150 | 1.0 0 97 0 3 o
MB 6725-1 350 {177 | 1940 | 13.4 100 | 0.7 0 17 o]l 83] o
-65 | -54 | 2010 |13.9 110 | 0.8 0 97 0 ol 3

FM400/BR400 72| 22| 2630 |18.1 230 | 1.6 0 77 o] 23| o
350 | 177 | 2330 |16.1 150 | 1.0 0 ol 23| 77| o

-65 | =54 | 2490 |17.2 160 | 1.1 0 95 0 ol 5

EA 9649/ 72| 22| 2540 {17.5 30 | 0.2 0 {100 0 ol o
EA 9205 350 | 177 | 2530 |17.4 200 | 1.4 0 10 71 83} 0
-65 | -54 | 2560 |17.6 380 | 2.6 0 98 0 24 0

AF 130/ 72 | 22| 1550 |10.7 210 | 1.5 0o |100 0 o]l o
EC 3917 350 {177 | 2000 |} 13.8 180 | 1.2 0 50 3| 44| 3
-65 | -54 970 6.7 430 | 3.0 0 71 0 7122

AF 31/ 72| 22| 4000 |27.6 30 | 0.2 0 95 0 5y 0
EC 2174 350 {177 | 1670 |11.5 30 | 0.2 0 97 0 31 0
-65 | -54 | 1370 9. 120 | 0.8 0 93 0 71 0

PL 729-3/ 72 | 22| 3570 | 24.6 180 | 1.2 0 53 o| 47} o
PL 728 350 | 177 | 1510 | 10.4 300 | 2.1 0 0 0o |100{ O
-65 | -54 | 2250 |15.5 270 | 1.9 0 97 0 310

HT 424/ 72| 22 { 2060 |14.2 NOTE 2 0 of{25| 7570
HT 424F 350 {177 | No Load* -— -—= | -~ 0 0 0 {100 | ©
-65 | ~54 530 3.7 NOTE 2 0 0 s {95 ] 0

FM61/BR 227 72 | 22| 2820 |19.4 250 | 1.7 0 7{27166| 0
350 | 177 530 3.7 70 | 0.5 0 73 ol 271 0

-65 | -54 | 2250 |15.5 210 | 1.5 0 30 |47 23} o

FM61/BR227A 72 | 22| 2750 |18.9 70 | 0.5 0 |1lo0 0 ol o
350 | 177 510 3.5 60 | 0.4 0 30 {40 | 30| 0

-65 | -54 | 1720 |11.9 160 | 1.1 0 97 0 3]0

lAverage of three single lap shear specimens unless otherwise noted.
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7075-T76 BARE ALUMINUM ADHERENDS

TABLE 3

LAP SHEAR TEST RESULTS

PHOSPHORIC ACID ANODIZED SURFACE PREPARATION

Adhesive Test Temp.} Ult. Streng‘t:h1 Std. Dev. Failure Mode (%)
System (°F) | (°C)| (psi) | (MPa) (psi)| (vpa)} M/P| P |P/A] A v
RB 398/RB 500| 72 22 2410| 1e6.6 60| 0.6 0 80} 10t 10 0
350 | 177 1540 10.6 30| 0.2 0 0 ol 100 0
-65 | -54 2060 | 14.2 150| 1.0 0 95 0 ) 5
MB 329/ 72 22 21757 15.0 330 ] 2.3 0 87 0 0| 13
MB6725-1 350 | 177 1990 13.7 go| 0.5 0 17 ol 80 3
-65 | -54 1835 12.6 180 | 1.2 ) 87 0 o | 13
FM400/BR400 72 22 2460 | 17.0 240 | 1.7 ) 67 o] 33 0
350 | 177 2190 | 15.1 40| 0.3 0 0 17| 83 0
-65 | -54 2210 15.2 220 | 1.5 0 93 0 0 7
EA 9649/ 72 22 2620 | 18.1 385 | 2.7 0 97 0 3 0
EA 9205 350 | 177 2515 | 17.3 15| 0.1 0 13| 20| 67 0
-65 | -54 2360 | 16.3 45 ] 0.3 0 | 100 0 0 0
AF/130/ 72 22 1680 | 1.1.6 120 | o.8 0 97 0 3 0
EC 3917 350 | 177 2125 | 14.6 50 0.4 0 67 8| 23 2
-65 | -54 1300 9.0 20| 0.1 o | 100 0 0 0
AF 31/ 72 22 3725 25.7 260 { 1.8 0 93 0 7 0
EC 2174 350 | 177 1690 | 11.6 50 | 0.4 0 98 0 2 o}
-65 | -54 1320 9.1 30 { 0.2 0 | 100 0 0 0
PL 729-3/ 72 22 3435 | 23.7 135 | 0.9 0 0 0 {100 0
PL 728 350 | 177 1870 | 12.9 150 | 1.0 0 0 0 | 100 0
-65 | -54 2300 | 15.8 290 | 2.0 0 97 0 3 0
HT 424/ 72 22 1945} 13.4 Note 2 0 0| 40 | 60 0
HT 424F 350 | 177 710 4.9 Note 2 0 ol 10} 90 0
-65 | -54 2990 | 20.6 Note 2 0 ol| 70| 30 0
FM61/BR227 72 22 2765 | 19.1 120 | 0.8 0 10 | 23| 67 0
350 | 177 520 3.6 170 | 1.2 ) 80 3| 17 0
-65 | -54 2490 | 17.2 310 | 2.1 0 23 { s0 | 27 0
FM61/BR227A 72 22 2650 | 18.3 200 | 1.4 0 88 o | 12 0
350 | 177 665 4.6 40 | 0.3 0 57 | 33 ] 10 0
-65 | ~54 1600 { 11.0 130 | 0.9 0 93 0 7 0

1mvel:'age of three single lap shear specimens unless otherwise noted.
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TABLE 4

LAP SHEAR TEST RESULTS
2024-T81 BARE ALUMINUM ADHERENDS
OFPL ETCHED SURFACE PREPARATION

Adhesive Test Temp.| Ult. Strength! | std. Dev. Failure Mode (%) ’
System (°F)| (°C) (psi) | (MPa) (psi)| (MPa)|M/P | P [P/A] A v
RB 398/RB 500 72 22 2180 | 15.0 180 (1.2 0 97 | O 3
MB 329/ 72 22 2200 15.2 210 1.5 0 10 | 87 3 0
MB 6725-1
FM400/BR400 72 22 2330 16.1 110 |o0.8 0 0|40 50 10
EA 9649/ 72 | 22 | 26407 18.2 300 (2.1 [o | 95] 0| 0o} o
EA 9205
AF 130/EC 3917 72 22 1690° | 11.6 420 2.9 0 100 0 0]
AF 31/EC 2174 72 22 3830 26.4 260 1.8 0 87 0 13 0
PL 729-3/PL 728 72 22 4040%| 27.8 59 0.4 0 30 | 60 10 o
RT 424/HT 424F 72 22 1240 8.5 420 2.9 0] 0 100 0
FM61/BR227 72 22 2690" | 18.5 80 0.6 0 13 87 0
FM61/BR227A 72 22 2770° | 19.1 30 0.2 0 73 0 27 0

lAverage of three RAAB type specimens unless otherwise noted.
zAverage of two RAAB-type specimens.
3two of the three specimens failed between the RAAB lap joints.

“Single lap shear specimens, average of three.
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TABLE S

LAP SHEAR TEST RESULTS
7075-T76 BARE ALUMINUM ADHERENDS
OFPL, ETCHED SURFACE PREPARATION

¢ Adhesive Test Temp.|{ Ult. Strength1 Std. Dev. Failure Mode (%)
System (°F) | (°C) | (psi) | (MPa) (psi){ (MPa) [ M/P| P [P/A | A v
RB 398/RB 500 72 22 2240 15.4 280 1.9 0 70 0 30 0
MB 329/ 72 22 19202 13.2 210 1.5 0 10 70 15 5

MB 6725-1

FM400/BR400 72 22 2340 16.1 120 0.8 0 0 47 50 3
EA 9649/EA 9205 72 22 2510 17.3 250 1.7 0 97 0 3 0
AF 130/EC 3917 72 22 1680% ] 11.6 240 1.7 0 20 0 10 0
AF 31/EC 2174 72 22 3720 25.6 10 0.1 0 20 0 10 0
PL 729-3/PL 7294 72 22 4080 28.1 80 0.1 0 30 60 10 0
HT 424/HT 424F 72 22 750 5.2 660 4.5 0 0 13 87 0

PM61/BR227 72 22 2750° | 18.0 80 0.6 0 0 46 47
FM61/BR227A 72 22 2810 10.4 110 0.7 0 90 0 10 0]

1Average of three RAAB type specimens unless otherwise noted.

20ne of the three specimens failed between the RAAB lap joints.

3Single lap shear specimens, average of three.
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e The only test condition for which lap shear
behavior could be compared on the PAA and OFPL
surface preparations was for the room temperature
test condition with no environmental aging. For
this condition, no significant overall differences
in behavior were apparent between the two surface
preparations. 8Six of the ten adhesive/primer
systems (RB398/RB500, EA9649/EA9205, AF130/EC3917,
AF31/EC2174, FM61/BR227, and FM61/BR227A) exhibited
no difference in either strength or failure mode ‘
between the two surface preparations. Two of the
' ten adhesive/primer systems (MB329/MB6725-1 and
. FM400/BR400) exhibited no difference in strength,
but a lesser degree of primer failure on the OFPL
: surface than on the PAA surface. One of the ten
' adhesive/primer systems (PL729-3/PL728) exhibited
a higher strength on OFPL etched specimens than
on PAA specimens, but with no difference in
failure mode. One of the ten adhesive/primer
systems (HT424/HTA424F) exhibited a higher strength
on PAA specimens than on OFPL etched specimens,
but with no difference in failure mode.

3.2 PEEL RESULTS

Table 6-9 present the peel data and Figures 12 and 13
illustrate the data graphically. Inspection of these data and
figures leads to the following observations:

® Nearly all of the failures were interfacial
between the primer and adhesive. Only the
HT-424/HT-424F and FM-61/BR227A systems exhi-
bited much deviation from this failure mode
and in these cases, the failures were within
the adhesive layer (the traditionally designated
cohesive failure).

e Most all of the peel strengths were in the 2.5
to 4.0 1b/in range. The only exceptions were in
those cases where the failures occurred in the
adhesive layer, the HT-424/HT-424F and FM-61/
BR227A systems cited above. 1In these cases,

the peel strengths reached 6-7 1lb/in for the .
FM-61/BR227A and 13-15 1b/in for the HT-424/
HT424F.

e Comparisons between the peel behavior of speci-
mens prepared with PAA and OFPL etched surfaces
can be made on only eight of the ten adhesive/
primer systems in the program, and then only for
the -65°F (~54°C) unaged test condition. On
six of these systems (RB398/RB500, MB329/MB6725-1,
FM400/BR400, EA9649/EA9205, AF31/EC2174, and

22

1 HEE YR LR DR G TR S DR R T ! O O O X O O M D W W O O T WL A e D



A AN A Y I LS N R M e PO 0 A A M MMM MU WA M W M3 AW MMM Pt P ™ St R R B P g 2

*31893 X0J pPo933TUQnNS 3J0oUu m:maﬂowmmw

*suaurtoads 1sad 99ay3y JO wmmuw>m~

0 Ly ] €S 0 0 9°0 £°0 8°s £°¢ (pS-) 59— VLZT-98/T9-HWd
0 0 00T 0 0 S°0 £°0 v e (¥s-) S9- LZ2-¥4/T9-Wd
-—] == -- -- -- -—- —-—- -—- -—- = === 2 dVTY-dH/YTY-1H
o] 0 00T 0 0 z°o 10 6°Y 8°2 (vs-) S9- 8ZL-1d/€-6ZL-1d -
0 0 0ot 0 0 z°0 T°0 Ly L°c (vG-) §9- YL12-03/1€-aY o
L 0 €6 0 0 0°I 9°0 Z°9 S°€ (rs-) 59— LT6€-03/0€T-aY
0 o 00T 0] 0 T1°0 1°0 Z°9 9°t (vs-) s9- S0Z6-V¥ad/6v96-Vd
S V] S6 0 o £°0 (AN Y] S°v , 9°2 (vs-) s9- 00Y-Wd/00v-Wd
S 0 S6 0 0 L°0 v°0 [ 4 L°c (vs-) 59- T1-S2L9-9W/6Z€ -aW
o1 0 06 0 0 1 L0 8°¢ £°¢ (vG-) S9- 00s-a/86€ -9
A 4 ¥/4 d d/R UIPFEM q3Iprm Uapa Yaps (Do) do wo3sAs
30 wo/N \me‘nﬁ\nnﬂ 3o wdo/N 30 ug/sqr *dwre g, SATSaYPY
(%) 9POoW aamyted *A9Q paepuels yzbuaals 1eeg sl

NOIIWIYdTId FOVANINS TIHOLI YVd HLIM WONIWNIV JYvE
18L-¥20Z NO  SLINSTE HIONTELS 1334

9 IIEVL




*3S93 I03 PIIITUONS JOU unm_:.uomm«
*suswroads T9ad 3d3x1y3z 3O Sbeaaay
1

0 ov | 09 0 0 L'z s°1 8L vy (bs-) s9- ¥LZT~4a/T9-KHd
0 0 001 0 0 S0 €°0 A2 1984 (¥s-) $9- LTT~¥8/T9-Wd
| | === | === | --- -—- —— --- e ~= === | ,dUZY-IH/¥ZV-IR
() 0 00T 0 0 9°0 v°0 VL z°v (vs-) s9- | s8zL-Td/€-6TL-1d
(] 0 00t 0 (0 €0 z°0 8°€ 4k 4 (vs5-) S9- vL1Z~03/1€-aY
L (] £6 ) 0 1°0 1°0 0'9 Ve (vs-) s9- LT6€-03/0ET-aV
0 0 oot 0 o €°0 z°0 z°9 S°¢ (vs-) s9- | SOZ6-Va/6v96-Vd
8 0 z6 0 0 6°0 S°0 v'9 L€ (vs-) s9- 00V -Hi/00¥-Rd
S (] 6 0 o Lo p°o 8y Lz (vS5-) S9- | T-STL9-EW/6ZE-GN
ot | o 06 o o S0 €°0 z°s 0°¢ (bs-) s9- 005 -94/86€ -8
A Y v/d d a/m YIPTa YIpTA YIPTa YIpTA (Qe)} do wa3sis
Jowo/N | jJo uy/sqr | zo wo/N | 3o uy/sqy dweyl SATSaUDY
(v) 9POoW sanyjed *AsQ pawpuv3ys q3busI3s 19ed I8aL

NOILWIVdadd JOVNNNS TIHOLI WWd HLIM WONIWOTY TIVE

9LL-SLOL NO ,SIINSFY HIONIYLS T3S

L VL

24




*3S33 103 pa3llTuqus jou suauwroads
3
*suawtoads Tasd o9aayy 3o abexsay

1

0 Z6 8 0 0 L0 v°0 0°z1 8°9 (¥s-) s9- ¥LZ2-499/T9-Wd
0 LE £9 0 0 £°C £°1 0°11 £°9 (vs-) s9- LTT-¥E/19-Rd
0 oL o€ 0 0 1°9 S°€ 9°9z z'st (vs-) s9- Ty -IH/bZv-IH
] 0 00T 0 ] v°0 z°0 9°9 8°€ (¥s-) s9- 8zL~-1d/€-62L-1d
0 0 001 0 0 L0 v°o S°v 13 4 (vs-) s9- YL1Z-03/1€-dY
—— | - -—- - - -—- -—- -— --- ——— == 2 LT6€-03/0ET-dV
0 0 oot 0 0 9°0 £°0 9°g z°€ (vS-) s9- S0Z6-V1/6¥96-Ya
3 ot S8 0 0 9°0 ¥°0 £°9 9°€ (vs-) s9- 00% -Wd/00y -Hd
S 0 66 0 0 8°0 S°0 v°s 1°€ (¥S-) §9- | T-5ZL9-€EW/6ZE-GW
0 0 001 0 0 0°1 S°0 1°9 S°€ (vs-) s9- 00§ -¥8/86€ -
A 4 v/a d a/n YIpTa Y3Ipta yapta Yapta (Do) do wa3sis
3O wo/N | JFo ur/sqr Jo wo/N | 3o uy/sqr “dusg SATSaUPY
(%) SPOW eanyTed *A3Q paepuels yjbuaxis 1934 389

NOILWYV4dTId JOVIINS JIHIOLI TdJ0 HIIM WANIWATY JTHve

181-¥202 NO ,SIINSTY HLONRILS TIdd

8 TVl

25

S L T g a0 i T P Vg 0, T 0 e M P R T T DT VGV Vg e a8

]

Y



*3593 103 PeI3TUNS Jou sudwtoads,

*suowroads Tead @91yl 3O ommuo><~

0 L9 | ¢ 0 0 L0 v:0 9°zt z°L (¥S-) so- VL L2-98/T9-Kd
0 oz | os 0 0 1°1 9°0 v°9 9°¢ (bS-) S9- L22-¥8/19-KH4

0 oL | oe 0 0 T°9 S°¢ S €2 Vel (¥S-) s9- ayzy-1H/vTy~1H

—1 - - | -- -== ~—= - --- --- - - ,82L-1d/e-6TL-1d |
- --- e —— ~—- -— --- - -—— - ¢ PLTT-03/TE-aY o
— ] - | - -— -— ~—— -— -— -—- ——- - L LT6E-03/0ET-a¥

0 (0 00T 0 0 €°0 z°0 LS €°€ (vS-) s9- S026-V3/6¥96-Vd

el Bl Bl Bl B ~— —— ——- -—- ——— e £ 00 =Hi/00p ~Rd

o1 0 06 0 0 34 v L9 8°¢ (vS-) S9- | T-SZL9-GW/6ZE-EH

0 0 00t 0 0 21 L°0 6°Y 8°¢C (vS-) s9- 00S-gu/86€ -4

A ¥ /4 d. a/m Y3IpTh YIpTA YIpTa Yyapte (36} Jo wo3sis

Jo wd/N | zo ur/sqr | 3O wo/N | 3O uy/sqr “duey BATSaYDPY
(%) 9POW oanTrted *AsQ pIepuels Yabuaa3s 1994 Is9%

NOILWYVAIEd JIOVLNNS TIHOLI Tdd0 HLIM WONIWNTIV Jdvd
9LL-SLOL NO ,SLINSHY HLONHMLS 1334

6 JIavL




*S9ATSAOUPY JO Y3zbuaxls [99d * 21 8anb1d

vyi12-33 L16E-03 S026-v3 00V -y8 1-6219-9W
/LE- 4V /0E1-3v /6¥96-V1 /00F-W4 6Z2E-8NW

VOV
NN
>»> >

V/d Y272

v/d

V/d Y272

v/d
v/d
v/d
v/d
v/d
v/d

JAIS3HAY ONV YW1 dd
NI3IMLIE 3¥NTIVY IVIOVRIIING = V/d  13vE HOVI 3A08Y QILVOIONI 300W 3uNTIvd

4.59- 1V G3LONANOD S1S3L1 1V

440 “WINIWNTY 3uvE 921-5:0. [ 1430 “wniwny 3wva 181-vzoz [
wd ‘WNIWNY 3uva 921-520¢ ] wva ‘woniwnv 3uva 181-v20z [ a3

— €

(HLQIM "N1/SE7) HIONIYLIS 133d

27




*S9ATSaYpPY JO Uzbusils Teed

ViZZ-¥d 1z2-u8
/19-W4 /19-KW3

N
N\
W
N
=

3A1S3HAY
GNVY 43WIYdd N3I3ML39
JUNTIVY IVIOVAYIINL = V/d

Y3AVT JAIS3HGY NI RNTIVe = vV

(dve HOV3
3A08v Q3L1VIIAGN] 300W 3¥NTIV4

*4.59- 1V Q3LONANOD S1S31 v

V/d ‘v LU

1410 ‘WNiWnY uve 921-s202 [
wd ‘WINIWNY 3ave 91-5:02 [

440 ‘WiNiNY 3ave 181-v202 [
A Wd ‘WINIWNTY 3uve 181-v20Z [ a3x

€T @2anb1a

Av2Zv-1H
/vZv-1H

8¢L-d
/€-6&L-1d

Y Lz

v/d
1

£l

vi

St

(H1QIM °NI/S87) HLONIYLS 133d

28

DR ! \ . :
et 1 N s TS o et e s S Ve G S

.* ",

LT LR Ko

K A

Nl "‘ A".;.‘.Q.l "l -'Q.. [ 28 ) n'l ... N -



PL729-3/PL728) no difference in either strength
or failure mode between the two surface prepara-
tions was evident. One of the systems (FM6l/
BR227) exhibited better strength with the OFPL
etch surface preparation than with the PAA on the
2024 alloy, but with little difference in failure
mode. Further, no difference between the two
surface preparations was noted for the 7075

alloy with this adhesive/primer system. One

of the systems (FM61/BR227A) exhibited both
better strength and less primer related

failure with the OFPL etch than with the PAA
treatment on both alloys.

3.3 STRESS-DURABILITY RESULTS

Tables 10-13 present the results of the hot-~-humid stress-
durability tests while Tables 14-17 present the results of the
salt-spray stress-durability tests. Inspection of these data

leads to the following observations:

® Nearly all systems survived the full 2400 hours
without failure in both the hot-humid and salt-
spray environments except for the FM-61/BR-227
and FM61/BR227A systems. In the hot-~humid
environment, neither of these systems survived
for more than 1250 hours. In the salt-spray
environment the FM-61/BR227 systems survived
for the full 2400 hours while with the FM-61/
BR227A system over half of the joints survived
for the full 2400 hours.

e In most cases, the systems that did survive the
full 2400 hours exhibited residual strengths that
equaled or exceeded their original unaged room-
temperature lap shear strength. In those cases
where the residual strength was significantly
less than the original room-temperature lap shear
strength, the PL-729-3/PL728 and FM-61/BR-227A
systems exhibited this strength degradation
most frequently. ‘

e The most common failure mode observed in the
stress~durability tests was interfacial failure
between the primer and adhesive layer or
cohesive failure within the adhesive layer.
Five systems (RB-398/RB-500, MB329/MB6725-1,
AF-31/EC-2174, PL-729-3/PL-728, and FM-61/
BR~227) exhibited a mixture of failure modes,
including adhesive, primer-to-adhesive, and
primer failures.
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e In the hot-humid durability tests, no difference
in durability, residual strength, or failure mode
was observed for nine of the ten adhesive/primer
systems. The one exception (AF-130/EC-3917)
exhibited higher residual strength and less
primer failure on OFPL surfaces than on PAA
surfaces. For the hot-humid dQurability tests,
cohesive failure within the adhesive layer and
interfacial failure between theé primer and
adhesive were the two predominate failure modes.

e In the salt-spray durability tests, the difference
(or similarity) between the behavior of the OFPL
and PAA prepared surfaces is not clear cut. Three
of the adhesive/primer systems (RB-398/RB-500,
EA-9649/EA-9205, and FM-61/BR-227) exhibit no
difference between the two surface preparations.
One system (FM-400/BR-400) exhibits higher
residual strength on both alloys with the PAA
surface than with the OFPL surface. Six systems
(MB-329/MB-6725~-1, AF-130/EC3917, AF-31/EC-2174,
PL-729-3/PL~728, HT-424/HT-424F, and FM-61/
BR-227A) exhibited higher residual strength

{ with one of the alloys (generally the 7075) for

the PAA surface preparation than for the OFPL

preparation. In these six cases the other

alloy showed no differences between the two

surface preparations. Only two adhesive/primer

systems (PL729-3/PL-728 and FM-61/BR-227A)
exhibited higher residual strengths for OFPL
etched surfaces than for PAA surfaces and in
both cases this was for the 2024 alloy. 1In
nearly all cases, the predominate failure mode
for the salt-spray durability test specimens

was interfacial between the primer and adhesive.

This was true for both alloys, both surface

) preparations, nearly all of the adhesive/primer

systems, and for both residual strength specimens

as well as for those few specimens which failed
during exposure.

3.4 SUMMARY OF RESULTS

No consistent differences were observed between the

performance of the various adhesive/primer, alloy, surface
preparation combinations tested in this program. The goal of
the testing was to evaluate the compatibility of 177°C (350°F).
curing adhesive/primer systems with the PAA surface treatment.




Most of the adhesive/primer systems exhibited equivalent perfor-
mance with both the PAA and OFPL etch surface treatments for all
types of tests and exposure conditions. Some of the adhesive/
primer systems performed better with the OFPL etch surface
treatment than with the PAA surface treatment, but in those
instances where such a difference appeared, it was only for one
of the three types of tests conducted.

In lap-shear, for example, the MB329/MB6725-1 and FM400/BR400
systems exhibited less primer failure on OFPL surfaces than on
PAA surfaces but with no difference in strength. 1In peel and
stress-durability these two systems exhibited equivalent behavior,
both in strength and failure mode, for the two surface preparations.

In peel, the FM61/BR227A system exhibited better strength
and less primer related failure with the OFPL etch than with the
PAA but in lap-shear and stress-durability no difference in
performance between the two surface preparations was noted for
this system.

In stress-durability, the AF-130/EC-3917 system yielded
higher residual strengths and less primer failure with the OFPL
etch than with the PAA for the case of a humidity environment
but no difference between the two surface preparations was
observed for this system in lap-shear, peel, or in salt-spray
stress-durability.

The results of the tests carried out in this program serve

to indicate that, in general, there was no glaring incompatibility
between any of the materials tested and the PAA surface
preparation.
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APPENDIX A

INDIVIDUAL SPECIMEN LAP SHEAR TEST RESULTS AND
ULTRASONIC C-SCAN INSPECTION RESULTS OF PANELS
USED FOR LAP SHEAR SPECIMENS

Tables Al through A4 present the results obtained for
each individual lap shear specimen tested during this program.
These data are summarized in both tabular and graphical form
in Section 3.1. 1In addition to the lap shear test data, the
ultrasonically generated c-scans for each panel are presented
in Figures Al through A24., Figures Al through A20 were generated
at AFWAL/MLSE while Figures A2l through A24 were supplied with
the panels by Douglas Aircraft. These figures are arranged so
that they correspond to the data in the preceding table
(Figures Al through Al0 correspond to Table Al for example).

It will be noted that there appears to be a rather good
correlation between disbond areas appearing in the c-scans and
the corresponding specimen strengths and failure modes. The
numbers from 1~9 appearing along the edges of the panels in
Figures Al-A-20 represent the position from which specimen
numbers 1-9 were machined,
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TABLE Al

INDIVIDUAL LAP SHEAR STATIC TEST RESULTS ON 7075-T76 BARE
ALUMINUM WITH PHOSPHORIC ACID ANODIZED SURFACE PREPARATION

Adhesive/Primer Test Specimen Ult. Strength Failure Mode (%)
System Temperature Number (psi) (MPa) M/P P P/A A v
(°F) (°C)
RB398/RB500 {72) (22) 1260 1-1 2469 17.02 0 80 10 10 0
\ 1A601-4 2402 16. 56 0 20 0 10 0
V 1A601-7 2347 16. 18 0 20 0 10 0
[}
)
' Avg. 2406 16.59 0 87 3 10 0
: Std Dev 61 0.42
) RB398/RB500 (350)(177) 1A601-2 1520 10.48 0 0 0 100 O
) 1A601-5 1571 10.83 0 0 0 100 O
‘ 12601-8 1528 10.54 0 0 0 100 0
Avg. 1540 10.62 0 0 0 100 0
; Std Dev 27 0.19
|
;| RB398/RB500 (=-65)(=-54) 1A601-3 2102 14.49 0 95 0 0 5
1A601-6 2176 15.00 0 95 0 0 5
1260 1-9 1891 13.04 0 95 0 0 5
o Avg 2056  14.18 0 95 0 0 S
: Std Dev 148 1.02
1
MB329/MB6725~-1 (72)(22) 1B601-1 2556 17.6 0 80 0 20 0
: 1860 1-4 1935 13.3 0 80 0 0 20
: 1B60 1-7 2035 14.0 0 90 0 0 10
:
Avg 2175 15.0 0 83 0 7 10
; std Dev 333 2.3
MB329/MB6725-1 (350)(177) 1B601-2 1920 13.2 0 20 0 80 0
\ 1B60 1-5 1962 13.5 0 10 0 80 10
1B60 1-8 2070 14.3 0 20 0 80 0 .
Li
’ Avg 1984 13.7 0 17 0 8 3
Std Dev 77 0.5 -
. MB329/MB6725~1 (-65)(=54) 1860 1-3 1862 12.8 0 90 0 0 10
) 1B601-6 1643 11.3 0 70 0 0 30
1B60 1-9 2000 13.8 0 100 O 0 0
Avg 1835 12.6 0 87 0 0 13
Std Dev 180 1.2
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FM400/BR400 (72)(22) 1C601-1 2731 18.8 0 20 0 80 0
1C601-4 2272 15.7 0 80 0 10 0
1C60 1-7 2382 16.4 0 90 O 10 0
Avg 2462 17.0 0 67 0 33 0
Std Dev 240 1.6
FM400/BR400 {350)(177) 1C60 1=-2 2146 14.8 0 0 10 90 0
1C601=-5 2224 15.3 0 0 10 90 0
1C601-8 2205 15.2 0 0 30 70 0
Avg 2192 15. 1 0 0 17 83 0
Std Dev 41 0.3
FM400/BR400 (-65)(-54) 1C601-3 2024 14.0 0 95 0 0 S
1C601-6 2154 14.9 0 95 0 0 5
1C601-9 2458 17.0 0 90 0 0 10
Avg 2212 15.2 0 93 0 0 7
Std Dev 223 1.5
EA9649/EA9205 (72)(22) 1D60 1=1 3065 21.1 0 90 O 10 0
1D601-4 2379 16.4 0 100 0 0 0
1D601=-7 2421 16.7 0 00 0 0 0
Avg 2622 18. 1 0 97 0 3 0
Std Dev 385 2.63
EA9649/EA9205 (350)(177) 1D60 1=2 2510 17.3 0 20 10 70 0
1060 1-5 2502 17.3 0 10 30 60 0
1D601-8 2529 17.4 0 10 20 70 0
Avg 2514 17.3 0 13 20 67 0
Std Dev 13.8 0.06
EA9649/EA9205 (=-65)(=54) 1060 1-3 2343 16. 0 100 © 0 0
D60 1=-6 2330 16. 1 0 100 © 0 0
. 1060 1-9 2413 16. 0 100 0 0 0
Avg 2362 16.3 0 100 © 0 0
Std Dev 45 0.27
AF130/EC3917 (72)(22) 1E60 1~1 1806 12.45 0 90 0 10 0
1E601-4 1658 11.43 0 100 © 0 0
1E601=7 1568 10.81 0 100 © 0 0
Avg 1677 11.56 0 97 0 3 0
Std Dev 120 0.83
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AF130/EC3917

(350)(177) 1E60 1=2 2062 14.22 0 70 10 20 0
1E601=5 2156 14.87 0 80 10 10 0
1E60 1-8 2156 14.87 0 S0 5 40 5
Avg 2125 14.65 0 67 8 23 2

std Dev 54 0.38
AF130/EC3917 (-65)(~-54) 1E601=3 1287 8.87 0 100 O 0 0
1E601~-6 1302 8.98 0 100 O 0 0
1E60 1-9 1320 9.10 0 100 © 0 0
Avg 1303 8.98 0 100 O 0 0

Std Dev 16.5 0.12
AF31/EC2174 (72)(22) 1F60 1=-1 3461 23.86 0 95 0 5 0
1F60 1-4 3735 25.75 0 95 0 5 0
1F60 1=7 3976 27.41 0 90 O 10 0
Avg 3724 25.67 0 93 0 7 0

Std Dev 258 1.78
AF31/EC2174 (350)(177) 1F601~2 1670 11.51 0 100 O 0 0
1F601=5 1654 11.40 0 100 O 0 0
1F60 1=-8 1753 12.09 0 95 0 5 0
Avg 1692 11.67 0 98 0 2 0

Std Dev 53 0.37
AF31/EC2174 (~65) (=54) 1F60 1-3 1321 9.11 0 100 0O 0 0
1F601-6 1287 8.87 0 100 0 0 0
1F60 1-9 1349 9.30 0 100 0 0 0
Avg 1319 9.09 0 100 O 0 0

Std Dev 31 0.22
PL729-3/PL728 (72)(22) 1G601~1 3588 24.74 0 0 0 100 0
1660 1-4 3333 22.98 0 0 O 100 0
1G60 1=7 3383 23.33 0 0 O 100 0
Avg 3435 23.68 0 0 0 100 0

Std Dev 135 0.98
PL729-3/PL728 (350)(177) 1G60 1=2 2048 14.12 0 0 0 100 0
1G60 1=5 1766 12. 18 0 0 0 100 0
1G60 1~8 1805 12.45 0 0 O 100 0
Avg 1873 12.92 0 0 O 100 0

Std Dev 153 1.05
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PL729-3/PL728 (~65) (-54) 1G60 1-3 2447  16.87 0 100 © 0 0
1G60 1-6 1961  13.52 0 100 © 0 0
1G60 1-9 2486  17.14 0 9 0 10 0
Avg 2298  15.84 0 97 o0 3 0
Std Dev 293 2.02 0 97 o0 3 0
)

HT424/HT424F (72)(22) 1H60 1-1-2 1945  13.41 0 040 60 O
HT424/HT424F (350) (177) 1H601-3-2' 710 4.90 0 0 10 90 0
HT424/HT424F (-65) (=54) 1H601-4-2' 2990  20.62 0 0 79 30 0
FM6 1/BR227 (72) (22) 11601-1 2902  20.00 0 0 10 90 0
11601-4 2699  18.61 0 10 40 50 0
11601-7 2695  18.58 0 20 20 60 0
Avg 2765  19.06 0 10 23 67 0

Std Dev 118 0.81
FM6 1/BR227 (350)(177) 11601-2 694  4.79 0 9 o 10 0
11601-5 511 3.52 0 80 0 20 0
11601-8 348 2.40 0 70 10 20 0
Avg 518  3.57 0 80 3 17 0

Std Dev 173 1.20
FM6 1/BR227 (-65) (-54) 11601-3 2212 15.25 0 10 70 20 0
11601-6 2822 19.46 0 50 10 40 0
11601-9 2443  16.84 0 10 70 20 0
Avg 2492  17.18 0 23 50 27 0

std Dev 308 2.13
. FM6 1/BR227A (72) (22) 1360 1-1 2426  16.73 0O 80 0 20 0
1760 1-4 2786  19.21 0 9 0 10 0
17601-7 2746  18.93 0 95 0 5 0
Avg 2653  18.29 0o 88 0 12 0

Std Dev 197 1.36
FM6 1/BR227A (350) (177) 1760 1-2 705 4.86 0 60 30 10 0
1360 1-5 636  4.39 0 50 40 10 0
1J601-8 654 4.51 O 60 30 10 O
Avg 665 4.59 0 57 33 10 0

Std Dev 36 0.24
45
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FM6 1/BR227A (-65) (-54) 1360 1-3 1452 10.01 0 90 0 10 0
1J601-6 1689 11.65 0 95 0 5 0
1360 1-9 1657 11.43 0 95 0 5 0
Avg 1599 11.03 0 93 0 7 0
Std Dev 129 0.89

(1) RAAB specimen used, only one joint tested,.
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Panel No. 1A601
Alloy 7075776 Bare
Surface Prep PAA
Primer RB500
Adhesive RB398

i
z
‘:s‘;
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Figure Al. Ultrasonic C-Scan of Lap Shear Panel.
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Panel No. 1B&:
Alloy 7075T76 Bare

Surface Prep PAA
; Primer MB6725-
Adhesive MB329

R

- D,

3 i1

e A

Figure A2. Ultrasonic C-Scan of Lap Shear Panel,.
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Panel No. 1C601
Alloy 7075T76 Bare
Surface Prep PAA
Primer BR400
Adhesive FM400

Figure A3. Ultrasonic C-Scan of Lap Shear Panel.
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i Panel No. 1D601

Alloy 7075T76 Bare
. Surface Prep PAA
R Primer EA9205

Adhesive EA9649

oo g am T -

= -

-~

e T

Figure A4. Ultrasonic C~Scan of Lap Shear Panel.
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. Panel No. 1lE601
Alloy 7075T76 Bare
Surface Prep PAA
Primer EC3917

Adhesive AF130 = , .
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Figure A5. Ultrasonic C-Scan of Lap Shear Panel.
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Panel No. 1F601
Alloy 7075T76 Bare

Surface Prep PAA
Primer EC2174

Adhesive AF31

Figure A6. Ultrasonic

™Y

O 0 5001 o IS Y

“~

~

C-Scan of Lap Shear
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Panel No. 1G601
Alloy 7075T76 Bare

surface Prep PAA
Primer PL72
Adhesive - -

Figure A7. Ultrasonic C-Scan of Lap Shear Panel.
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Panel No. 1H60L1
Alloy 7075T76 Baxe
Surface Prep paa
Primer HT424F

Adhesive HT424

Figure A8. Ultrasonic C-5Scan Of HRAAB

for Lap Shear Specimens.
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Panel No. i{loul

Alloy 7075T76_Bare

Surface Prep_ paa
Primer BR227

Adhesive FM61 .

Figure A9. Ultrasonic C-Scan of Lap Shear Panel.




Panel No. ..y
Alloy 7Q75T76
Surface Prep_ PAA
Primer BR227A
Adhesive FM61

Figure Al0, Ultrasonic C-Scan of Lap Shear Panel.
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-z TABLE A2

INDIVIDUAL LAP SHEAR STATIC TEST RESULTS ON 2024-T81 BARE
ALUMINUM WITH PHOSPHORIC ACID ANODIZED SURFACE PREPARATION

Adhesive/Primer Test Specimen Ult. Strength Failure Mode (%)
System Temperature Number (psi) (MPa) M/P P P/A A v
,, (°F) (*C)
:
' RB398/RB500 (72) (22) 1A101=1 2747 18.9 0 40 S0 10 0
. 1A101-4 2311 15.9 0 90 10 0 0
i - 1A101-7 2402 16.6 0 9% o0 10 0
::i;
b Avg 2487  17.2 0 73 30 7 0
o Std Dev 230 1.6
X
A RB398/RB500 (350) (1770 1A101-2 1529  10.5 0 0 90 0 10
o 1a101-5 1413 9.7 6 0 9% 0 10
S 1a101-8 1302 9.0 0 0 90 0o 10
o
N Avg 1415 9.8 0 0 90 0 10
,3} Std Dev 114 0.8
o
"Q'
e RB398/RB500 (=65)(=54)  1A101-3 2281 15.7 © 9 0 o 10
Ly 1A101-6 2222 15.3 0 100 0 0 0
- 1A101-9 2264 15.6 0 9 0 0 10
b
e Avg 2256  15.6 6 93 o o0 7
Qgi Std Dev 30 0.2
(.-(‘
e
B h
MB329/MB6725~ 1 (72) (22) 1B101-1 2481  17.1 0 9 0 10 0
o 1B101-4 2255 15.6 0 100 0 0 0
o 1B101=7 2206 15.2 0 100 0 0 0
e
B
0 Avg 2314 15.9 0 97 0o 3 0
;g; std Dev 147 1.0
i'.;
2 MB329/MB6725-1 (350) (177) 1B101-2 1841  12.7 0 20 0 80 0
o 1B101-5 2035 14.0 0 20 0 80 0
el 1B101-8 1957  13.5 0 10 0 90 0
D .
k‘.'
Avg 1944 13.4 0 17 o0 83 0
¥, S Std Dev 98 0.7
0
o MB329/MB6725-1 (=65) (~54) 1810 1-3 2082 14.4 0 100 o 0 0
] 1B101-6 1891  13.0 0 90 0 0 10
3 18101-9 2063  14.2 0 100 0 0 0
s
L Avg 2012 13.9 0 97 0 0 3
ps Std Dev 105 0.8
)
L
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FM400/BR100 (72)(22) 1C101-1 2876 19.8 0 50 0 50 0
1C101-4 2413 16.6 0 90 0 10 0
1C101=7 2601 17.9 0 90 0 10 0
Avg 2630 18. 1 0 77 0 23 0
Std Dev 230 1.6
L
FM400/BR400 (350)(177) 1C101-2 2175 15.0 0 0 20 80 0
1C101=-5 2333 16. 1 0 0 30 70 0
1C101-8 2475 17.1 0 0 20 80 0 .
Avg 2328 16. 1 0 0 23 77 0
Std Dev 150 1.0
FM400/BR400 (=65) (=54) 1C101-3 2480 17.1 0 95 0 0 5
1C101-6 2327 16. 1 0 95 0 0 5
, 1C101-9 2654 18.3 0 95 0 0 5
Avg 2487 17.2 0 95 0 0 5
Std Dev 164 1.1
EA9649/EA9205 (72)(22) 1D101-1 2518 17.4 0 100 o0 0 0
1D101-4 2539 17.5 0 100 o0 0 0
1D101=7 2573 17.7 0 100 0 0 0
Avg. 2543 17.5 0 100 O 0 0
Std Dev 28 0.15
EA9649/EA9205 (350)(177) 1D101=-2 2422 16.7 0 10 10 80 0
1D101=-5 2418 16.7 0 10 10 80 0
1D101-8 2761 19.0 0 10 0 90 0
Avg 2534 17.4 0 10 7 83 0
Std Dev 197 1.4
ER9649/EA9205 (-65)(~-54) 1D101-3 2336 16. 1 0 100 0 0 0
1D101-6 2344 16.2 0 100 O 0 0
1D101~-9 3004 20.7 0 95 0 5 0 .
Avg 2561 17.6 0 98 0 2 0
Std Dev 383 2.6 .
AF130/EC3917 (72) (22) 1E101-1 1319 9.09 0 100 O 0 0
1E101-4 1715 11.8 0 100 0 0 0
1E101~7 1606 11.1 0 100 o0 ] 0
Avg 1547 10.66 0 100 0 0 0
Std Dev 205 1.41
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AF130/EC3917 (350) (177) 1E101-2 2124 14.65 0 80 0 10 10
1E101-5 2075  14.30 0 70 0 0 0

. 1E101-8 1795  12.40 0 0 10 90 0
N
- Avg 1998 13.78 0 50 3 44 3
o Std Dev 178 1.21
. AF130/EC3917 (-65) (=54) 1E101-3 1293 8.92 0 90 O 5 5
N . 1E10 1-6 479 * 3.30 0 40 O S 55
& 1E101-9 1129 7.79 0 8 0 10 5
n“'
0 Avg 967  6.67 0 71 0 7 22
e Std Dev 431 2.97
iy
"
o AF31/EC2174 (72) (22) 1F101-1 4035 27.82 0 95 0 5 0
o 1F101-4 3979  27.44 0 95 0 5 0
I 1F101-7 3996  27.55 0 95 0 5 0
] Avg 4003  27.6 0 95 0 5 0
'\ std Dev 29 0.2
B
¥
PR
A AF31/EC2174 (350) (177) 1F101-2 1638  11.29 0 95 0 5 0
s 1F101=-5 1679  11.58 0 100 0O 0 0
. 1F101-8 1683  11.60 0 95 0 5 0
4
)
o Avg 1667  11.49 0 97 0 3 0
b Std Dev 25 0.17
e
R
“y AF31/EC2174 (=65) (~54) 1F101-3 1284 8.85 0 9 0 10 0
1 1F101-6 1310 9.03 0 100 O 0 0
i 1F101-9 1504  10.37 0 9 0 10 0
&
B Avg 1366  9.42 0 93 0 7 0
3 Std Dev 120 0.83
Py
2, PL729-3/PL728 (72) (22) 1G101-1 3765 25.96 0 0 0 100 ©
it 1G101-4 3516 24.24 0 80 0 20 0
" 1G101=7 3426  23.62 0 80 0 20 0
o Avg 3569  24.61 0 53 0 47 0
% sta Dev 176 1.21
,l."
& [}
It PL729-3/PL728 (350)(177)  1G6101-2 1178 8.12 6 0 0 100 0
' 1G101-5 1622 11.18 0 0o 0 100 o0
- 1G101-8 1740  12.00 0 0o 0 100 0
ALY
N Avg 1513 10.43 0 0 0 100 O
O Std Dev 296 2.05
o
o *Poor C-scan indication. 59
RS
0
N \

OO ORI OO R DO OO OO XWX

T T TS T TS K TR A LR
A SnEaR s Xalk) Al . ¥ )

._ \. \. .\- SSRSRAR




PR g -4 Ny o Bes diaAve Bvae & §¥p 8" M. 2. @' 12 Bls 2% 2% %2 82 2% 272 R s 2% BVn8'm £'2 tta 4% 4% 2 YR &5 L ke gt gl " 8T 8% &% 87, 0'3 8% 89 $Ya &'

: PL729-3/PL728 (-65) (=54) 1G101-3 2483  17.12 0 100 O 0 0
R 1G101-6 1954  13.47 0 100 0 0 0
1G101-9 2298  15.84 0 90 0 10 0
W
v,
Ez Avg 2245  15.48 0o 97 0 3 0
o std Dev 268 1.85
3
X ‘
!
_ HT424/HT424F (72)(22) 1H101-1-1 2055  14.17 0 0 25 75 0
]
¢
¢ [
by HT424/HT424F (350) (177) 1H101-3-1 (No load re- 0 0 0 100 ©
N corded) speci-
t men failed in
“ handling
¢
f
J
K HT424/HT424F (=65) (-54) 1H101-4-2 534 3.68 0 0 5 95 0
X
. FM6/BF227 (72)(22) 11101-1 3110 21.44 0 0 10 90 0
o 11101-4 2679  18.47 0 0 20 80 0
¢ 11101-7 2678  18.46 0 20 50 30 0
)
1
N Avg 2822  19.46 0 7 27 66 0
. Std Dev 249 1.72
o
: FM6 1/BR227 (350) (177) 11101-2 459 3.17 0 9 o0 10 0
k 11101-5 531 3.66 0 S0 0 50 0
\ 11101-8 597 4.12 0 80 0 20 0
Avg 529 3.65 o 73 0 27 0
4 std Dev 69  0.48
;
)
¢ FM6 1/BR227 (=65) (=54) 11101-3 2483 17.12 0 20 60 20 0
¢ 111016 2066  14.25 0 30 40 30 0
: 11101-9 2210 15.24 0 40 40 20 0
' Avg 2253  15.54 0 30 40 30 0
1 Std Dev 212 1.46
) -
]
FM6 1/BR227A (72)(22) 17101-1 2698  18.60 0 100 0 0 0
, 13101-4 2829  19.51 0 100 © 0 0
‘ 13101-7 2711 18.69 0 100 0 0 0
; Avg 2746 18.93 0 100 O 0 0
Std Dev 72 0.50
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FM6 1/BR227A (350) (177) 1J101=2 451 i.n 0 20 40 40 0
, 1J101=5 521 3.59 40 40 20
» 1J101-8 570 3.93 30 40 30 0

o0
o

Avg 514 3.54 0 Jo 40 30 0
Std Dev 60 0.41

T e
. L Ty Ts

FM6 1/BR227A (=65) (-54) 1J7101=3 1634 11.27 100 0 0
1J101-6 1631 11.25 100
o 13101-9 1902 13.11% 0 9% 0 10 0

o
o

o
o
(-]
(-]

6 Avg 1722 11.88 0 37 0 3 0
Sl Std Dev 156 1.07

(1) RAAB specimen used, only one joint tested.
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Figure All. Ultrasonic C-Scan of Lap Shear Panel.
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Panel Wo. 0
Alley 2024781 Bare
Surface Prep P
Primer MB6725-1
Adhesive MB329

Figure Al2. Ultrasonic C~Scan of {.ap Shear fanel.
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Panel No. : . iUl
Alloy 2024781 Bare
Surface Prep PAA
Primer BR400

Adhes ivc__FM400

Figqure Al3, Ultrasonic C~Scan of Lap Shear Panel.
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Panel No. 10L10i
Alloy 2024T81 Bare
Surface Prep PAA
Primer EA9205
Adhesive EA9649

D10l

Figure Al4. Ultrasonic C-Scan of Lap Shear Panel,.
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Panel No._ 1E10]

Alloy_ 2024781 Bare
Surface Prep

Primer EC3917
Adhesive AF-130
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Ultrasonic C-Scan of Lap Shear Panel.




Surface Prep_paa
Primer 7

—EA2174
Adhesive_ Ari3l

Figure Al6. Ultrasonic C-~Scan of Lap Shear Panel.




Panel No. lulel
Alloy 2024T81 Bare
Surface Prep PAA
Primer PL728
Adhesive PL-729-3

Figure Al7. Ultrasonic C-Scan of Lap Shear Panel.




Panel No. 1H101l
Alloy 2024T8l1 Bare
Surface Prep PAA
Primer HT424F

Adhesive HT424

Figure Al18. Ultrasonic C-Scan of RAAB Type Panel
Used for Lap Shear Specimens.
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Panel ¥o._11101
Alloy 202478l Bare

Surface Prep_ PAA
Primer BR227

Adhesive FM61

Figure Al9. Ultrasonic C-Scan of Lap Shear Panel.




Panel No.1J101

Alloy 2024781 Bare
Surface Prep PAA
Primer BR227A
Adhesive FM61

Figure A20, Ultrasonic C~Scan of Lap Shear Panel.
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INDIVIDUAL LAP SHEAR STATIC TEST RESULTS ON 2024-T81 BARE

TABLE A3

ALUMINUM WITH OFPL ETCHED SURFACE PREPARATION "RAAB LAP JOINTS"

‘e by tvg 4tp #g &

Adhesive/Primer Test Specimen Ult. Strength Failure Mode (%)
System Temperature Number (psi) (MPa) M/P P P/A A v
(*F)(°C)

RB398/RB500 (72) (22) 2A104-1=-2 2384 16.44 0 90 O 10 0
2A104~-2~2 2047 14. 11 0 100 0 1] 0
2A104-3-2 2095 14.45 0 100 O 0 0
Avg 2175 15.0 0 97 0 3 0
Std Dev 182 1.2

MB329/MB6725~1 (72) (22) 2B104-1~3 2113 14.57 0 10 90 0 0
2B104-2-3 2044 14. 10 0 10 90 0 0
2B104-3-3 2440 16.82 0 10 80 10 0
Avg 2199 15. 16 0 10 87 3 0
Std Dev 212 1.45

FM400/BR400 (72) (22) 2C104-1-3 2276 15.69 0 0 40 50 10
2C104-2-3 2252 15.52 0 0 40 S0 10
2C104-3-3 2460 16.96 0 0 4¢ S0 10
Avg 2329 16. 06 0 0 40 50 10
Std Dev 114 0.79

EA9649/EA9205 (72)(22) 2D104~1-2 2849 19.64 0 90 O 10 0
2D 104=2~-1 2422 16.70 0 100 0 0 0
Avg 2636 18.17 0 9% 0 ) 0
Std Dev 302 2.08

[}

AF130/EC3917 (72)(22) 2E104~-1-1 2159' 14.89 0 100 O 0 0
2E104-2~1 1562 10.80 0 100 O 0 0
2E104-3-2 1362 9.39 0 100 0 o] 0
Avg 1694 11.69 0 100 0 0 0
Std Dev 415 2.86

AF21/EC2174 (72)(22) 2F104~-1=-2 3527 24.32 0 80 0 20 0
2F 104~2-2 3968 27.36 0 90 O© 10 0
2F104~-3-3 3988 27.50 0 90 0 10 0
Avg 3828 26.39 0 87 ¢ 13 0
std Dev 261 1.80
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PL729-3/PL728 (72)(22) 2G104~-1-2 4008 27.64 0 30 60 10 0
2G104-2-2 4076 28.10 0 30 60 10 0
Avg 4042 27.87 0 30 60 10 0
Std Dev 48 0.33

HT424/Ht424F (72)(22) 2H104~1-2 1331 9.18 ] 0 0 100 0
2H104-2-2 778 5.36 0 0 0 100 0
2H 104-3-2 1598 11.02 0 0 0 100 0
Avg 1236 8.52 0 0 0 100 0
Std Dev 418 2.89

FM6 1/BR227 (72)(22) 21104-1 2781 19.81 o 0 20 80 0
21104-2 2682 18. 49 0 0 10 90 0
21104-3 2620 18.06 0 0 10 90 0
Avg 2694 18.79 0 0 13 87 0
8td Dev 81 0.91

FM6 1/BR227A (72) (22) 27 104~1 2798 19.29 0 80 0 20 0
27104~2 2735 18. 86 0 80 0 20 0
2J104~3 2781 19.18 0 60 0 40 0
Avg 2771 19. 11 0 73 0 27 0
5td Dev 33 0.22

(1) Specimen failed between the RAAB lap joint.
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[ Panel No. 2Al04

H 1 Alloy 2024T81 Bare
: m Surface Prep OFPL
Primer RB500
" Adhesive RB398

a Panel No._2B104
1 Tae Alloy 2024T81 Bare

s Surface Prep _ OFPL
Primexr MB6725-1
Adhesive MB329
e = == Panel Np. 2104
R | S Alloy_ 2024181
= -0 e A w Surface Prep OFPL
: - . Primer BR400
) Adhesive FM400
o TN Panel No. 2D104
i" o ) j ‘o . Alloy 2024T81 Bare
: ' 208 Surface Prep OFPL
: g™ Primer EA9205
H 1
: 3 Adhesive EA9649

Panel No. 2E104
Alloy 2024T81 Bare
Surface Prep OFPL
Primer EC3917
Adhesive AF1l30

- rogp ctgmetre @ = o ven §

Figure A2l. Ultrasonic C~-Scans of Lap Shear Panels,
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Pore N “lerasonic C-Scans of Lap Shear Panels
RAAR Type Used for Lap
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Panel No. 2F104
Alloy 2024T81 Bare

Surface Prep OFPL

Primer EC2174

Adhesive AF31

Panel No. 2Gl04

Alloy 2024781 Bare

Surface Prep OFPL
Primer PL728

Adhesive PL729-3

Panel No. 2H1l04

Alloy 2024T81 Bare

Surface Prep OFPL

Primer HT424F

Adhesive HT424

Panel No. 21104

Alloy 2024781 Bare

Surface Prep_OFPL
Primer_ BR227

Adhesive FM6l

Panel No. 2J104

Alloy 2024T81 Bare

Surface Prep OFPL

Primer BR227A

Adhesive RM61
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TABLE A4

INDIVIDUAL LAP SHEAR STATIC TEST RESULTS ON 7075-T76 BARE

ALUMINUM WITH OFPL ETCHED SURFACE PREPARATION "RAAB LAP JOINTS"

Adhesive/Primer Test Specimen Ult. Strength Failure Mode (%)
System Temperature Number (psi) (MPa) M/P P P/A A v
(*F) (°C)
RB398/RB500 (72)(22) 2A604-1-2 2535 17.48 0 30 0 70 0
2A604-2-2 2209 15.23 0 80 O 20 0
2A604-3=2 1977 13.63 0 100 O 0 0
Avg 2240 15. 45 0 70 0 3o 0
Std Dev 280 1.9
MB329/MB6725-1 (72) (22) 2B604-1-3 2147‘ 14.80 0 10 60 30 0
2B604-2-2 1882 12.98 0 100 O 0 0
2B604-3~3 1728 11.91 0 10 80 0 10
Avg 1919 13.23 0 40 47 10 3
§td Dev 212 1. 46
FM400/BR400 (72) (22) 2C604-1-3 2448 16.88 0 0 20 80 0
2C604~-2-1 2375 16.38 0 0 25 70 5
2C604-3-2 2204 15.20 0 0 95 0 5
Avg 2342 16. 15 1] 0 47 50 3
Std Dev 125 0.86
EA9649/EA9205 (72)(22) 2D604~-1-1 2801 19.31% 0 90 O 10 0
2D604~-2-2 2359 16.27 0 100 © 0 0
2D604-3~2 2379 16.40 0 100 O 0 0
Avg 2513 17.33 0 97 0 3 0
Std Dev 250 1.72
AF130/EC3917 (72)(22) 22604-1-1 1932‘ 13.32 0 80 0 20 0
2E604-2-2 1466 10. 11 0 90 O 10 0
2E604-3~-2 1647 11.36 0 100 O 0 0
Avg 1682 11.60 0 90 O 10 0
Std Dev 235 1.62
AF31/EC2174 (72)(22) 2F604~-1-3 3725 25.68 0 90 0 10 0
2P604-2-3 3717 25.63 0 90 O 10 0
2r604-3-2 3704 25.54 0 90 O 10 0
Avg 3715 25.62 0 90 O 10 0
8td Dev 10.4 .07
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PL729-3/PL728

(72)(22) 2G604~1-2 4022 27.73 0 30 60 10 0
2G604~2~2 4042 27.87 0 30 60 10 0
2G604~-3~-2 4167 27.73 0 30 60 10 0
Avg 4077 27.78 0 30 60 10 0

8td Dev 79 0.08
HT424/HT424F (72) (22) 2H604~1~2 1505 10.38 0 0 30 70 0
. 2H604~2~2 439 3.03 0 0 10 90 0
2H604-3~2 295 2.03 0 0 0 100 0
Avg 746 5. 15 0 0o 13 87 0

Std Dev 661 4.56
™6 1/3R227 (72)(22) 21604~1 2820 19.44 0 0o 10 90 0
21604~2 2668 18. 40 0 0 80 20 0
21604-3 2754 18.99 0 0 50 30 20
Avg 2747 18.94 0 0 46 47 7

std Dev 76 0.52
M6 1/BR227A (72)(22) 2J604-1 2764 19. 06 0 90 0 10 0
2J3604~2 2737 18.87 0 90 0 10 0
2J604~-3 2933 20.22 o 90 0 10 0
Avg 2811 19.38 0 9 0 10 0

8td Dev 106 0.73

(1) Specimen failed between the RAAB lap joints.
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Panel Mo. 2A604
Alloy 7075T76 Bare
Surface Prep OFPL
Primer RB500

' Adhesive RB3OB

Panel No. 2B604

Alloy  7075T76 Bare
Surface Prep OFPL

Primer MB6725-

Mhesive MB329

Panel No. 2C604

Alloy  7075T76 Bare
Surface Prep OFPL
Primgr BR4

Adhesive FM400

Panel No. 2D604
Alloy 7075T76 Bare
Surface Prep OFPL
Primer EA9205
Adhesive EAJG2D

Panel No. <ZEbU4
Alloy 7075T76 Bare
Surface Prep OFPL
Primer EC39
Adhesive AF130

Figure A23. Ultrasonic C-Scans of Lap Shear Panels.
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Panel No. Jroua

Alloy 7075776 Bare

Surface Prep__ OFpL
Primer 7

—EC2174
AMhesive Ar3l

Panel No. 2G604

. 1 N —t—
1% Alloy 7075T76 Bare
158 Surface Prep OFpPL
Primer PL
! Adhesive L729-
- -
Panel No.

Alloy_ 7075T76 Bare
Surface Prep L
Primer HT424F
Mhesive HT424

Panel No. 21604
Alloy 7075T76 Bare
Surface Prep OFPL
Primer BR227
Adhesive FM61

Panel No. <J604
Alloy
Surface Prep TP
Primer BR2ZTA
Adhesive FM6]

Figure A24. Ultrasonic C-Scans ot Laj Shear Panels
(Panel 2H104 a RAAR Type Used for Lap
Shear Specimens).
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APPENDIX B

INDIVIDUAL SPECIMEN PEEL TEST RESULTS
AND ULTRASONIC C-SCAN INSPECTION RESULTS
OF PANELS USED POR PEEL SPECIMENS

Tables Bl through B4 present the results obtained for
each individual peel specimen tested during this program. These
data are susmariszed in both tabular and graphical form in
Section 3.2. 1In addition to the peel test data, the ultrasonically
generated c-scans for each panel are presented in Figures Bl
through B8 . All of these c-scans were supplied with the panels
by Douglas Aircraft. These figures are arranged so that they

correspond to the data in the preceding table (Figures Bl apd
B2 correspond to Table Bl for example).
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TABLE Bl

INDIVIDUAL PEEL STRENGTH RESULTS ON 2024-T81 BARE
ALUNINUM MITH PAA BTCHED SURPACE PREPARATION

Adhesive/Priner Test Specimen Pee] Strength Failure Mode (%)
System Temperature wumber 1bs/in H/cm of M/P P P/A A v
°F (°C) width width
RBISE/RBS00 ~65(-54) 11 103-2 ' 7.2 0 9% o 0o 10 )
1A103=-3 3.1 S.4 0 90 0 0 10
A103-4 2.8 4.9 0 90 0 0 10
Avg kP | 5.8 0 90 0 0 10
Std Dev 0.7 1.2
NBI2V/MDET725~-1 -65(-%4) 13103-2 2.3 4.0 0 100 0 0 0
13103~3 3.1 S.4 0 9% 0 0 S
13103-4 2.6 4.6 0 90 O 0 10
Avg 2.7 4.7 0 9% 0 0 5
std Dev 0.4 0.7
N400/8M00 -65(-5%4) 1C103-2 2.7 4.7 0 98 0 0 -]
1C103=) 2.6 4.6 0 9% o0 0 S
1C103=4 2.4 4.2 0 98 o© 0 S
Avg 2.6 4.5 0 98 0 0 S
8td Dev 0.2 0.3
EA9649/EAY 205 -65(~-9%4) iD103=-2 3.6 6.3 0 100 0O 0 0
1D103-2 3.5 6.1 0 100 O 0 0
10103-4 3.6 6.3 0 100 © 0 0
Avg 3.6 6.2 0 100 O 0 0
8td Dev 0.1 0.1
Ar130/RCIV17 ~65(=-54) 1£103-2 3.7 6.5 0 9% 0 0 5
1£103-3 3.9 6.8 0 95 0 0 5
1X103-4 2.9 5.1 0 90 0 0 10
Avg 3.% 6.2 ] 93 0 ] 7 |
std Dev 0.6 1.0 :
- |
Ar)v/BC2174 -65(-%4) w103-2 2.8 4.9 0 100 0 0 0
r103-3 2.6 4.6 ] 100 0 0 0
r103-4 2.7 4.7 0 100 0 0 0
Avy 2.7 4.7 0 100 0 0 0
8td Dev 0.1 0.2 0 100 © 0 0
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PL729-3/PL728 -65(=54) 1G103-2 2.8 4.9 0 100 o© 0 0
1G103=3 2.9  s.1 0 100 0 0 0
1G103-4 2.7 6.7 0 100 O 0 0
Avg 2.8 4.9 0 100 0 0o o0
Std Dev 0.1 0.2

\

MG 1/BR227 ~65(=54) 11103-2 2.7 6.7 0 100 0 0 0
11103-3 2.2 3.9 0 100 o 0 0
11103-4 2.2 3.9 0 100 O 0 0
Avg 2.4 4.2 0 100 o o o
std Dev 0.3 0.5

NG 1/BR227A -65(=-54) 17103-2 3.2 5.6 0 S0 S0 0 0
13103-3 3.9 5.4 0 60 40 O O
13103-4 3.7 6. 0 S0 S0 0 ) ]
Avg 3.3 5.8 0 %3 47 o0 0
std Dev 0.3 0.6

(1) Specimens not submitted for test
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Panel No._ 12103
Alloy

Surface Prep PaA
Primer
Adhesive___RB398

Panel No.

Alloy

Surface Prep
Primer MB6725-1
Adhesive MB329

Panel No. 103
TOI B iC

Alloy_ 2024T81 Bare

8RR Y00 Surface Prep_ paa
¥/ Primer

Pag Adhesive FM400

Panel ho. 10103
Alloy 2073THY Bare

surface Prep__ PAA

Primer EA9205
Adhesive EA9649

ralhvy MO lEIQ]
Alloy_2024T8] Rare
Surface Prep_ paa
Primer EC3917

Adhesive__ Arlig

Figure Bl. Ultrasoni. C-Scans of Peel Panels.




- T T 4 ESHE e Panel No. _ 1F103
: o FUgg xam Alloy 2024781 Bare
_— ) {
!

Surface Prep PAA
Primer EC2174

L S e ,4_,-.} — : Adhesive AF31

- - —— o

Panel No. 1G103
Alloy 2024T81 Bare

Surface Prep PAA
Primer PL728

Adhesive FL729-3
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Panel No. 1I103
Alloy 2023?§£_§are

Surface Prep PAA
Primer BR227

Adhesive FMOI

LT
fe

-
»

Panel No.: 1J103

Alloy:

Surface Prep: PAA
Primer: BR227A

Adhesive: FM61

Figure B2. Ultrasonic C-Scans of Peel Panels.
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TABLE B2

INDIVIDUAL PEEL STRENGTH RESULTS ON 7075-T76 BARE
ALUMINUM WITH PAA ETCHED SURFACE PREPARATION

Adhesive/Primer Test Specimen Peel Strength Failure Mode (%)
System Temperature Number 1bs/in N/cm of M/P P P/A A v
*F (°C) width width

RB398/RB500 =-65(~54) 1A603-2 3.3 5.8 0 90 0 0 10
1A603-3 2.8 4.9 0 90 0 0 10
1A603-4 2.8 4.9 0 90 0 0 10
Std Dev 0.3 0.5

MB329/MB6725~-1 -65(=~54) 1B603-2 2.5 4.4 0 100 0 0 0
1B603-3 2.5 4.4 0 95 0 0 S
1B603-4 3.2 5.6 0 90 O 0 10
Avg 2.7 4.8 0 95 0 0 5
Std Dev 0.4 0.7

FM400/Br400 -65(=54) 1C603-2 4.2 7.4 0 90 0 0 10
1C603-3 3.2 5.6 0 95 0 0 S
1C603-3 3.6 6.3 0 90 0 0 10
Avg 3.7 6.4 0 92 © 0 8
8td Dev 0.5 0.9

EA9649/EA9205 =65(=54) 1D603-2 3.4 6.0 0 100 0O 0 0
10603-4 3.4 6.0 0 100 © 0 0
Avg 3.5 6.2 0 100 0 0 0
std Dev 0.2 0.3

AF130/RC3917 -65(-%4) 18603-2 3.3 5.8 0 95 0 0 b)
12603-3 3.4 6.0 0 a0 0 0 10
1E86013-4 3.4 6.0 0 90 0 0 5
Avg 3.4 6.0 0 93 0 0 ?
Std Dev 0.1 0.1

AFr31/BC2174 -63(-54) 17603-2 2.) 4.0 | 100 0 0 0
wé603-) 2.3 4.0 0 100 0 0 0
7603-4 2.0 3.8 0 100 © [\ 0
Avg 2.2 i.n 0 1o o \ i\
Std Dev n.2 0.3
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PL729-3/PL728 =-65(~-54) 1G603-2 4.4 7.7 0 100 0 0 0
1G603-3 4.4 7.7 0 100 0 0 0
1G603-4 3.8 6.7 0 100 0 0 0
Avg 4.2 7.4 0 100 0 0 0
8td Dev 0.4 0.6
t
HT424/8HT424F —— ——— ——- —— e ecece cce seac  eee
FM6 1/BR227 -65(~-54) 11603-2 4.3 7.5 0 100 0 0 0
11603-3 3.8 6.7 0 100 0 0 0
11603-4 4.3 7.% 0 100 0 0 0
Avg 4.1 7.2 0 100 0 0 0
8Std Dev 0.3 0.5
b M=6 1/BR227A -65(~54) 1J603-2 2.7 4.7 0 90 10 (o] (4]
1J603-3 5.3 9.3 0 50 S0 0 0
WJ603-4 5.3 9.3 0 40 60 0 0
Avg 4.4 7.9 0 60 40 0 0
Std Dev 1.% 2.7

(1) Specimens not submitted for test.




‘ ‘; Panel No. 1A603
. - ::: Alloy _7075T76 Bare
; ; (] me Surface Prep PAA
_ . . Primer RBS00
- ; Adhesive RB398
s s . = “ae

Panel No. 1B603 i
Alloy 7075T76 Bare

Surface Prep PAA ‘ i
Primer MB6725-1

Adhesive MB329

Panel No. 1C603
Alloy

1075776 Bare
P Surface Pre%UUBAA'—'____'
PAP Primer _ BR

Adhesive FM300
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Panel No. 1D603
Alloy 7075T76
Surface Prep PAA
Primer EA9205
Adhesive EA9649

Panel No._ 1E603

Alloy_ 7075T76 Bare )
Surface Prep_ PAA

FPrimer EC3917

Adhesive AF130

Figure B3. Ultrasonic C-Scans of Peel Panels.
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Panel No.l1F603
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Surface Prep Pan

Primer EC2174

Adhesive aF3)

Panel No. 1G603

AllOY 707’576 Bare

Surface Prep FPAA

Primer PL728

Adhesive PL729-3

Panel No. 11603
Alloy 7075T7¢ Bare
Surface Prep FPAA
Primer BR227
Adhesive FME}
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TABLE B3

INDIVIDUAL PEEL STRENGTH RESULTS ON 2024-T81 BARE
ALUMINUM WITH OFPL ETCHED SURFACE PREPARATION

Adhesive/Primer Test Specimen Peel Strength Failure Mode (%)
System Temperature ' Number 1bs/in N/cm of M/P P P/A A \'4
*F (°C) width width

RB398/RB500 -65(-54) 2A103-1 4.1 7.2 0 100 0 ©0 O *
2A 103-2 3.2 5.6 0 100 O 0 0
2A103-3 3.2 5.6 0 100 O 0 0 .
Avg 3.5 6.1 0 100 © (i} ()
Std Dev 0.5 1.0

MB329/MB6725-1 =65(=-54) 2B103-1 2.6 4.6 0 95 0 0 5
2B103=-2 3.2 5.6 0 95 0 0 5
2B103=-3 3.5 6.1 0 95 0 0 5
std Dev 0.5 0.8

FM400/BRr400 =-65(=54) 2C103-1 4.0 7.0 0 85 0 10 5
2C103=-2 3.5 6.1 0 85 0 10 5
2C103-3 3.3 5.8 0 85 0 10 5
Avg 3.6 6.3 0O 8 0 10 5
std Dev 0.4 0.6

EA9649/E79205 -65(=54) 2D103-1 3.1 5.4 0 100 O 0 0
2D103=2 3.0 5.3 0 100 O 0 0
2D103-3 3.6 6.3 0 100 O 0 0
Avg 3.2 5.6 0 100 O 0 0
Std Dev 0.3 0.6

|

AF130/EC3917 ——— R -— -—- e mee cwm  mee me-

AF3 1/EC2174 -65(=54) 2F103~-1 2.4 4.2 0 100 O 0 0 R
2F103-2 3.0 5.3 0 100 © 0 0
2F103-3 3.7 6.5 0 100 O 0 0
Avg 2.5 4.5 0 100 O 0 0
8td Dev 0.4 0.7




PL729-3/PL728 -65 (~54) 2G103~1 4,1 7.0 0 100 0 O©0 0
2G103-2 3.6 6.3 0 100 O 0 0
2G103~-3 3.7 6.5 0 100 O 0 0
Avg 3.8 6.6 0 100 0 0 0
Std Dev 0.2 0.4
HT424/HT424F -65(=54) 2H103=1 18.8 32.9 0 0 30 70 0
. 2H103-2 14.9 26. 1 0 0 30 70 0
2H103-3 11.9 20.8 0 0 30 70 0
. Avg 15.2 26.6 0 0 30 70 0
std Dev 3.5 6.1
FM6 1/BR227 -65(=-54) 2I1103-1 5.9 10.3 0 0 90 10 0
2I1103-2 5.2 9.1 0 0 80 20 0
21103-3 7.7 13.5 0 0 20 80 0
Avg 6.3 11.0 0 0 63 37 0
std Dev 1.3 2.3
FM6 1/BR227A -65(=-54) 2J7103-1 6.6 11.6 0 0 25 75 0
23103=-2 6.6 11.6 0 0 0 100 0
23103=3 7.3 12.8 0 0 0 100 0
Avg 6.8 12.0 0 0 8 92 0
std Dev 0.4 0.7

( 1)Specimens not submitted for test.
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Panal No. 2Al03
Alloy 2024T8l1 Bare
Surface Prep

Primer RB5U0
Adhesive RB3U8

Panel No. 2B1l03

Alloy 2024781 Bare
Surface Prep OFPL_
Primer MB -
Adhesive MB329

Panel No. 2C103
Alloy 2024T8l Bare
Surface Prep OFPL
Primer__ BR400
Adhesive FM400

Panel No. 2p103

Alloy 2024T81 Bare
Surface Prep OFPL
Primer EA9205
Adhesive EA9649

Panel No._2E103
Alloy 2024T81 Bare
Surface Prep OFPL
Primer EC2174
Adhesive AF31

Ultrasonic C-Scans of Peel Panels.

Figure BS.
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Panel No. 2rl03
Alloy 2024781 Bare

P Surface Prep OFPL
- Primer PL728

H Adhesive PL729-3
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Alloy 2024781 Bare

Surface Prep OFPL
o Primer HT424F
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Panel No. 2H103
Alloy 2024781 Bare
Surface Prep OFPL
Primer BR227
Adhesive FM61

Panel No. 2I103
™ Alloy 2024T81 Bare
H Surface Prep OFPL
Primer BR227A

Adhesive FM61

Figure B6. Ultrasonic C~Scans of Peel Panels.
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TABLE B4
INDIVIDUAL PEEL STRENGTH RESULTS ON 7075-T76 BARE
ALUMINUM WITH OFPL ETCHED SURFACE PREPARATION
Adhesive/Primer Test Specimen Peel Strength Failure Mode (%)
System Temperature Number lbs/in N/cm of M/P P P/A A v
*F (°C) width width
-
RB398/RB500 -65(~54) 2A603~-1 3.6 6.3 0 100 o0 0 0
2A603~-2 2.4 4.2 0 100 0 0 0
2A603-3 2.4 4.2 0 100 © 0 0 ¢
Avg 2.8 4.9 0 100 O 0 0
std Dev 0.7 1.2
MB329/MB6725-1 -65(=-54) 2B603~-1 2.4 4.2 0 85 0 0 15
2B603~2 3.9 6.8 0 90 0 0 10
2B603-3 5.2 9.1 0 90 0 0 10
Avg 3.8 6.7 0 90 0O o 10
Std Dev 1.4 2.5
t
EA9649/EA9205 -65(~54) 2D603-~1 3.2 5.6 0 100 0O 0 0
2D603-2 3.5 6.1 0 100 © 0 0
2D603-3 3.2 5.6 0 100 0 0 0
Avg 3.3 5.7 0 100 0 0 0
Std Dev 0.2 0.3
|
AF130/EC3917 - -— — -— - cme com eee eee
i
AF31/EC2174 ——- — ——— me- ——e cee cem mee aee .
[
PL729-3/PL728 — —-—- -—- - B
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HT424/HT424-F -65(-54) 2H603~1 16.8 29.4 0 0O 30 70 0

2H603-2 13.6 23.8 0 0 30 70 0

2H603~-3 9.8 17.2 0 0 30 70 0

Avg 13.4 23.5 0 0 30 70 0
std Dev 3.5 6.1

FM6 1/BR227 ~-65(~-54) 21603-1 4.1 7.2 0 0 80 20 0

. 21603-2 2.9 5.1 0 0 80 20 0

21603-3 3.9 6.8 0 0 80 20 0

R Avg 3.6 6.4 0 0 80 20 0
Std Dev 0.6 1.1

FM6 1/BR22A =65(=54) 2J603-1 6.8 11.9 0 0 50 50 0
23603-2 7.2 12.6

23603-3 7.6 13.3 0 0 40 60 0

Avg 7.2 12.6 0 0 33 67 0
Std Dev 0.4 0.7

(1) Specimens not submitted for test.
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27603
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Panel No.

Alloy Bare

]

Surface Prep

Primer RB500

Adhesive FB398

-
)

Panel No. 2B603
Alloy 7075T76 Bare
: Surface Prep OFPL

! Primer MB6725-
Adhesive MB329

Figure B7.

Panel No. 2D 603

Alloy 7075776 Bare

surface Prep OFPL

Primer BR400

Adhesive BR400

Ultrasonic C-Scans of Peel Panels
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Figure BS.
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Panel No. 2H603
Alloy 7075T76 Bare
Surface Prep OFP],
Primer HT424F
Adhesive HT424

Panel No. 21603
Alloy 7075T76 Bare
Surface Prep OFPL
Primer BR227
Adhesive FM61

Panel No.__ 27603
Alloy 7075T76 Bare
Surface Prep OFpPL
Primer BR227
Adhesive FM61

Ultrasonic C-Scans of Peel Panels.




APPENDIX C

ULTRASONIC C-SCAN INSPECTION RESULTS OF
PANELS USEN FOR STRESS-DURABILITY TESTS

Figures Cl-C20 present the ultrasonically generated

c-scans for each panel used for stress-durability testing. The
¢c-scans were generated at AFWAL/MLSE before the panels were
slotted into the RAAB configuration. Three specimens (each
containing four test joints) were machined from each panel.

Two were used for the humidity exposed stress-durability test
and one for the salt-spray exposed stress-durability tests.




Panel No. Panel No.

Alloy - 2024T81 Bare Alloy 7075T76 Bare
Surface Prep PAA Surface Prep PAA
Primer RB500 : Primer  RB500
Adhesive RB398 Adhesive RB398

Figure Cl. Ultrasonic C~Scans of Panels Used for
Stress-~Durability.
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Panel No. Panel No.

Alloy 2024781 Bare Alloy 7075776 Bare

Surface Prep PAA Surface Prep paa

Primer MB6725-1 Primer MB6725-1
Adhesive_ Mp329

Adhrsive MB329

RS

) DTS SET/TEP VST Wriwer-wre

Ultrasonic C-Scans of Panels Used for

Figure C2.
Stress-Durability.
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Panel No.

Alloy 2024T81 Bare Panel No.

Surface Prep PAA Alloy 7075776 Bare
Primer 3R400 Surface Prep PAA
Adhesive FM400 Primer BR400

Adhesive FM400

)
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Figure C3. Ultrasonic C~Scans of Panels Used for
Stress-Durability.
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ranei No.

Alloy__ 2024776 Bare
Surface Prep_ paa
Primer EA9205
Adhesive___ EA9649

Panel No.

Alloy 7075T76 Bare
Surface Prep PAA
Primer EA9205
Adhesive EA9649

Figure C4. Ultrasonic C-Scans of Panels Used for
Stress-Durability.
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Panel No.:

Alloy: 2024T81 Bare

Surface Prep: PAA

Primer: EC3917 .
Adhesive: AF130 a
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Panel No.

Alloy_ 7075T76 Baxe

Surface Prep PAA

Primer EC3917

Adhesive AF130
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Figure C5. Ultrasonic C~Scans of Panels Used for
Stress-Durability.
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Panel No.

Panel No.

Alloy

2024T81 Bare

Alloy 7075T76 Bare

Surface Prep_ PAA

Primer EC2174

Surface Prep PAA
Primer EC2174

Adhesive AF3l

T AN

o

v Adhesive AF31

Figure C6.

Ultrasonic C~Scans of Panels Used fcr
Stress-Durability.
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Panel No. Panel No.
Alloy Alloy__ 7075T76 Bare
Priner. Brg Priner. PL72g
rimer Pp

L7128 Adhesive PL729-3"

Adhesive  p1729-3

B i 1 e T T PR

Ultrasonic C~Scans of Panels Used For
Stress~Durability.

Figure C7.
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Panel No.

Panel No.

Alloy 2024T81 Bare " :i'i‘:: 7P7 76 B
Surface Prep PARA ctace Frep PAA
ur b B¢  Primer_ nr424F

Primer HT424F
Adhesive HT424

B i

Adhesive HT424

Figure r@'. Ultrasonic C~Scans of Panels Used for
Stress-Durability.
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Panel No. Panel No.
Alloy_202478] Rare Alloy

Surface Prep  paa

Surface Prep p

Primer pR227a

Primer BR227A

Adhesive

Figqure C9.
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EM61

Adhesive

Ultrasonic C~Scans of Panels Used for
Stress-Durability.
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Panel No. Panel No.

Alloy 2024T81 Bare Alloy__ 7075176 Bare
Surface Prep PAA Surface Prep PAA
Primer BR227 § Primer_ BR227A

Adhesive FM61 Adhesive__ FM6] '

Figure Cl10. Ultrasonic C-Scans of Panels Used for
Stress-Durability.




Panel No.

Panel No.

Alloy 2024781 Bare Alloy

Surface Prep ~OFPL Surface Prep orpy,
Primer RBS00 { Primer RB500
Adhesive RB398 Adhesive RB398

Figure Cl1l, Ultrasonic C-Scans of Panels Used for
Stress-Durability.
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Panel No.

T Alloy 2023781 Bare
Surface Prep OFFPL
Primer MB6725-1

Adhesive MB329
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Panel No.
Alloy__7075T76 Bare
Surface Prep OFPL
Primer MB6725-1

Adhesive__ MB329

4 Figure C12. Ultrasonic C-Scans of Panels Used for
Stress-Durability.
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Panel No.

Alloy 2024T81 Bare

Surface Prep ppr

Primer BR400

Adhesive_pm 400

Figure Cl13. Ultrasonic C-Scans of Panels Used for
Stress-Durability.

Panel No.
Alloy 7075T7% Bare

Surface Prep OFPL
Primer BR400

Adhesive FM400
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Panel No. Panel No.
Alloy <UZ4T8. Bare Alloy
Surface Prep OFPL Surface Prep orpr,
Primer EA9205 Primer___ EA9205
Adhesive EA9649 Adhesive gaogag
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Figure Cl14. Ultrasonic C-Scans of Panels Used for
g Stress~-Durability.
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Panel No. Panel No.

Alloy 2024T81 Bare Alloy__7075T76 Bare
Surface Prep OFPL Surface Prep OFPL
Primer EC39I7 Primer EC3917

Adhesive AF130 . Adhesive AF130

Figure C$5. Ultrasonic C-Scans of Panels Used for
Stress~Durability.
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Panel No.

Panel No.
Alloy__2024T81 Barxe Alloy
Surface Prep OFPL Surface Prep
Primer EC2174 Primer 74
Adhesive AF3] Adhesive ar3;

Figure Cl16. Ultrasonic C-Scans of Panels Used
Stress~Durability.
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Panel No.

Alloy 2024T81 Bare
Surface Prep OFPL
Primer PL728
adhesive PL729-3
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Panel No.
Alloy 2022T§I Bare
Surface Prep OFPL

e Primer PL

Adhesive FL/7Z29-3
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Figure Cl17. Ultrasonic C-Scans of Pan~ls Used for
Stress~-Durability.
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Panel No. rana.i NO.

Alloy 2024781 Bare Alloy__ 7075776 Bare
Surface Prep OFPL , Surface Prep OFPL
Primer HT424F Primer HT424F
Adhesive  HT424 ; Adhesive HT424

0

Ultrasonic C~Scans of Panels Used for
Stress-Durability.

Figure Cls.
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Panel No.:

Alloy:__ 2024781 Bare
Surface Prep:_OFPL
Primer: BR227

Adhesive: FM61

Figure C19,
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Panel No.

Alloy
Surface Prep  QFPL

Primer BR227

Adhesive FM61

Ultrasonic C-Scans of Panels Used for
Stress-~Durability.




Panel No.

Alloy 2024781 Bare

Surface Prep OFPL

Primer BR227A
Adhesive FM61 _
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Figure C20.
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_ Adhesive.

Panel No.

Alloy 7075776 Bare

Surface Prep  OFPL

Primer BR227A

FM61
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Ultrasonic C-Scans of Panels Used for
Stress~-Durability.
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